Introduction {#S0001}
============

Nasopharyngeal carcinoma (NPC) is defined as a type of malignant tumor occurring in head and neck, and it develops in the nasopharynx's epithelial lining.[@CIT0001] NPC is common in south-eastern Asia, Arctic region and China, with the incidence of 30 per 100,000.[@CIT0002] The risk factors of NPC consist of three main reasons: viral infection, genetic factors as well as environmental and dietary factors.[@CIT0003] Except for active anticancer agents and intensity-modulated radiation therapy, cancer stem cells together with gene therapy are considered as novel concepts and promising regimens for the treatment of NPC, while these technologies have yet been put into clinical use.[@CIT0004] In view of the lack of reliable data, the pathogenesis and clinical use of NPC biomarkers remain to be uncovered.[@CIT0005] As such, it is crucial to recognize novel biomarkers and to develop novel effective treatments of NPC through exploring the molecular mechanisms in NPC.

Long non-coding RNAs (lncRNAs) have been elucidated to play a part in different cancers, and evidence has concentrated on the functions of lncRNAs in malignant behaviors of various cancers.[@CIT0006] Emerging evidence has indicated that some lncRNAs may influence NPC growth, such as lncRNA PCAT7, lncRNA ROR, and lncRNA ANRIL.[@CIT0007]--[@CIT0009] LncRNA *ZNF667-AS1*, once named MORT, is expressed in all human cells, while its deficiency is observed in human breast epithelial cells.[@CIT0010] A study has shown that a reduction of *ZNF667-AS1* together with *ZNF667* was found in esophageal cancer cells and esophageal squamous cell carcinoma (ESCC) tissues.[@CIT0011] In general, lncRNAs are implicated in malignant phenotypes of cancer cells via altering expression of targeted genes through varying mechanisms, the most important one is sponging microRNAs (miRNAs).[@CIT0008] A recent article has revealed dysregulation of some miRNAs in NPC, and have also found clinically prognostic miRNA signatures.[@CIT0012] *miR-1290* expression is overexpressed, which is related to disease progression in ESCC patients.[@CIT0013] Interestingly, miRNAs play vital roles in the post-transcriptional gene modulation through the 3ʹuntranslated region (UTR) of target mRNAs.[@CIT0014] Actin﻿-binding LIM protein 1 (*ABLIM1*) has been described to be positioned in a genomic area frequently depleted in human tumors, which is implicated in axon guidance.[@CIT0015] Evidence has shown that *ABLIM1* is markedly lower in adrenocortical carcinomas in comparison to adrenocortical adenomas.[@CIT0016] Nevertheless, the impacts of the *ZNF667-AS1/miR-1290/ABLIM1* axis on the development of NPC remain to be addressed. As a consequence, we performed this present study for validation.

Materials and Methods {#S0002}
=====================

Ethics Statement {#S0002-S2001}
----------------

This experiment was implemented with the approval of the ethics committee of People's Hospital of Longhua. All the participants offered the written informed consent. All protocols were performed following the ethical principles for medical research regarding human subjects of the *Declaration of Helsinki*. The current work was carried out in strict adherence to the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health. The protocol was also approved by the Institutional Animal Care and Use Committee of the People's Hospital of Longhua. Significant efforts were made for eliminating the pain suffered by the animals.

In silico Analysis {#S0002-S2002}
------------------

The Gene Expression Omnibus (GEO) database ([<https://www.ncbi.nlm.nih.gov/geo/>]{.ul}) was searched to find NPC-related gene (GSE12452) and miRNA (GSE70970) microarray datasets. The R language limma package ([<http://master.bioconductor.org/packages/release/bioc/html/limma.html>]{.ul}) was searched to analyze the expression matrix of the microarray datasets. The screening conditions for differentially expressed genes (DEGs) were adj.*p*.Val \<0.05 and \|LogFoldChange \| \>1. R language pheatmap package ([<https://cran.r-project.org/web/packages/pheatmap/index.html>]{.ul}) was utilized to plot a heatmap for DEGs. RNA22 ([<https://cm.jefferson.edu/rna22/>]{.ul}) website, a database could predict the binding sites between RNAs, was used to predict the relationship between the differentially expressed lncRNA and miRNA. In addition, miRDB ([<http://www.mirdb.org/>]{.ul}), mirDIP ([<http://ophid.utoronto.ca/mirDIP/>]{.ul}), DIANA, and Targetscan ([<http://www.targetscan.org/vert_71/>]{.ul}) could forecast the targeting genes for miRNA. The jvenn ([<http://jvenn.toulouse.inra.fr/app/example.html>]{.ul}) could compare and analyze different element datasets and draw Venn diagrams.

Study Subjects {#S0002-S2003}
--------------

From November 2017 to November 2018, nasopharyngeal biopsies and adjacent tissues of 36 NPC patients (14 males and 22 females, aged 28--71 years) were collected from People's Hospital of Longhua. All patients were diagnosed by pathological examination and none received any chemotherapy or radiotherapy. None of the patients had a history of other malignancies.

Cell Treatment and Grouping {#S0002-S2004}
---------------------------

Human nasopharyngeal epithelial cells NP69 (American Type Culture Collection (ATCC), Manassas, VA, USA) and four NPC cell lines c666-1 (ATCC), CNE-1, CNE-2 and HNE1 (Zhongqiao Xinzhou Biotechnology Co., Ltd., Shanghai, China) were cultured in Roswell Park Memorial Institute (RPMI)-1640 supplemented with 10% fetal bovine serum (FBS, Gibco Company, Grand Island, NY, USA), penicillin (100 U/mL) and streptomycin (100 mg/mL) at 37ºC with 5% CO~2~. Based on the cell growth situation, the cells were subcultured when reaching 85% or higher confluence.

Cells were seeded in 6-well plates at 24 h pre-transfection with 30--50% cell density. Cells were transfected in the light of instructions of the lipofectamine 2000 reagent (11668--019, Invitrogen, New York, CA, USA). After cells in each group were incubated with 5% CO~2~ for 6--8 h, the complete medium was renewed. After a 48-h culture, further experiments were performed. The cells were introduced with overexpressed (oe)-*ZNF667-AS1*, short hairpin RNA (sh)-*ZNF667-AS1*, *miR-1290* mimic, *miR-1290* inhibitor or their negative controls (NCs). Overexpression plasmids, shRNA, inhibitors and mimics were purchased from GenePharma (Shanghai, China). Sequence is shown in [Table 1](#T0001){ref-type="table"}.Table 1Sequence for Cell TransfectionTargetsSequence (5ʹ--3ʹ)*ZNF667-AS1* shRNA-1TGTGACAAGTTCTTCAGGCG*ZNF667-AS1* shRNA-2CTCTTTAACCAAACCCAAC*ZNF667-AS1* shRNA-3TTTATTTTGGTGGGGAGAAGGGATGoe-*ZNF667-AS1*TAAACTCACACCTACATAAATTCTCA*miR-1290* mimicTTTGTATGTTTAGATGATTGGGATG*miR-1290* inhibitorTGGGTTATGTAGTGATATATATTTGsh-*ABLIM1*AATCGCAAAATAACTACGTAATACG[^1]

Dual-Luciferase Reporter Gene Assay {#S0002-S2005}
-----------------------------------

An *ABLIM1*-3ʹuntranslated region (3ʹUTR) fragment with a *miR-1290* binding site and a *ZNF667-AS1* cDNA fragment were inserted into the pGL3 plasmid. With a point mutation method, *ABLIM1*-3ʹUTR-mutant type (MUT) and *ZNF667-AS1*-MUT fragments were also inserted into the pGL3 plasmid. Using liposome transfection method, pGL3-*ZNF667-AS1*, pGL3-lncRNA *ZNF667-AS1*-MUT, pGL3-*ABLIM1*-3ʹUTR, pGL3-*ABLIM1*-3ʹUTR-MUT recombinant vector and Renilla internal reference plasmid were co-transfected with *miR-1290* mimic or NC-mimic into HEK293T cells. At 48 hours post-transfection, cells were harvested and lysed, and the luciferase activity was determined by a luciferase detection kit (K801-200, BioVision, Exton, PA, USA) and a dual﻿-luciferase reporter gene analysis system (Promega, Madison, WI, USA).

5-Ethynyl-2ʹ-Deoxyuridine (EdU) Assay {#S0002-S2006}
-------------------------------------

The culture plate was incubated with EdU solution, fixed for 30 min with paraformaldehyde (40 g/L), and incubated for 8 min with glycine solution. Next, the culture plate was rinsed with phosphate buffered saline (PBS) containing 0.5% TritonX-100, stained with Apollo^®^ staining reaction solution under conditions void of light. Finally, the cells were stained with Hoechst 3334 reaction solution in darkness and observed under a fluorescent microscope. EdU-stained cells and Hoechst 33342-stained cells were counted under three fields. Cell proliferation rate was calculated as the number of EdU-stained cells/Hoechst 33342-stained cells × 100%.

Scratch Test {#S0002-S2007}
------------

The cells were seeded into 6-well plates at 48 h post-transfection with 5 × 10^5^ cells in each well. When reaching about 90% cell confluence, the cells were scratched with a sterile pipette tip cross the middle axis of the well. After the removal of the floating cells, the remaining cells were further cultured for 0.5--1 h in serum-free medium for recovery. The images were captured at 0 h and 24 h, and the migration distance was gauged by the Image-Pro Plus Analyses software (Media Cybernetics, Silver Spring, MA, USA).

Transwell Assay {#S0002-S2008}
---------------

Matrigel (356234, BD Biosciences, Franklin Lakes, NJ, USA) was dissolved 48 h post-transfection, diluted at a ratio of 1:3 with serum-free medium and added to the apical chamber at 50 μL/well. The cells were detached and dispersed into cell suspension. Afterwards, the cell suspension (1 × 10^5^ cells/mL) was seeded into the apical chamber. The basolateral chamber was incubated with medium containing 10% FBS at 37°C for 24 h. Transwell chamber was fastened with 5% glutaraldehyde, and stained with 0.1% crystal violet staining solution for 30 min and observed under a microscope. The cell number that passed through Matrigel in every group was utilized as an index to evaluate their invasion ability.

Flow Cytometry {#S0002-S2009}
--------------

Forty-eight hours post-transfection, cells were trypsinized with 0.25% trypsin to adjust the concentration for 1 × 10^6^ cells/mL. The cells (1 mL) were centrifuged, with the supernatant removed. After that, the cells were fixed with 70% ethanol at 4°C overnight, and 100 μL cell suspension was stained with 50 μg RNAase-containing propidium iodide (PI) staining solution (40710ES03, Qianchen Biotechnology, Shanghai, China). After 30 min in the dark, the cells were filtered with a 100-mesh nylon. A flow cytometer (BD, FL, NJ, USA) was adopted to detect the cell cycle by recording the red fluorescence at 488 nm.

After 48-h incubation, the cells were centrifuged to resuspend in the binding buffer (200 μL). The cells were mixed with 10 μL Annexin V-fluorescein isothiocyanate (ab14085, Abcam, Inc, MA, USA) and 5 μL PI, and then added with 300 μL binding buffer. Finally, the cell apoptosis was determined with a 488 nm excitation wavelength by a flow cytometer.

Fluorescence in situ Hybridization (FISH) {#S0002-S2010}
-----------------------------------------

FISH technique was carried out to recognize the subcellular localization of lncRNA *ZNF667-AS1*. Based upon the Ribo^TM^ lncRNA FISH probe Mix (Red, Ribobio, Guangzhou, China) instructions, a coverslip was positioned in a 6-well culture plate. NPC cells were seeded and cultured to achieve a cell confluence of about 80%. Next, the cells were fixed with 4% paraformaldehyde. After treatment with proteinase K (2 μg/mL), glycine, and acetylcarnitine, the cells were successively incubated with 250 μL prehybridization solution at 42°C for 1 h and 250 μL hybridization solution containing probe (300 ng/mL) overnight. Subsequently, cells were stained with 6-diamidino-2-phenylindole for 5 min. After washing, cell coverslips were sealed with anti-fluorescence quenching agent and photographed under a fluorescence microscope (Olympus, Tokyo, Japan) by selecting five different horizons.

RNA Immunoprecipitation (RIP) Assay {#S0002-S2011}
-----------------------------------

LncRNA *ZNF667-AS1* bound to AGO2 protein (rabbit anti-AGO2, ab32381, 1:50) and IgG (ab109489, 1:100, both Abcam) was determined with a RIP kit (Millipore, Billerica, MA, USA). With the supernatant removed, NPC cells were lysed with radio-immunoprecipitation assay lysis buffer (P0013B, Beyotime, Shanghai, China), and centrifuged. Briefly, the magnetic beads (50 μL) were resuspended in RIP wash buffer (100 μL), and 5 μg antibody was supplemented based on the grouping for binding. Next, the magnetic beads-antibody complex after washing were resuspended in 900 μL RIP wash buffer, and the cell extract (100 μL) was supplemented for incubation. After that, the magnetic beads-protein complex was amassed, and the sample and input were trypsinized with proteinase K for RNA extraction for the subsequent reverse transcription quantitative polymerase chain reaction (RT-qPCR).

RNA Pull-Down Assay {#S0002-S2012}
-------------------

NPC cells were transduced with 20 nM biotinylated wild type (WT)-bio-miR-1290 and MUT-bio-miR-1290. Forty-eight hours later, the cells were harvested and washed. According to the instructions of the kit, 20 mL streptavidin-coated magnetic beads (Dynabeads M-280, 11206D, Life Technology, Carlsbad, CA, USA) were activated. The magnetic beads were sealed with 10 mg/mL RNase-free bovine serum albumin and yeast tRNA (R8508, Sigma-Aldrich Chemical Company, St Louis, MO, USA) at 4°C for 30 min. The cells were then incubated for 10 min with a specific lysis buffer (Ambion, Austin, TX, USA). Next, the lysates experienced an incubation with M-280 streptavidin magnetic beads (Sigma, St Louis, MO, USA) for 2 h for RNA extraction. The bound RNA was purified by Trizol and the lncRNA *ZNF667-AS1* enrichment was determined by RT-qPCR.

Western Blot Analysis {#S0002-S2013}
---------------------

The total protein was ice-bathed with lysis buffer and proteinase inhibitor (1111111, Beijing Jiamei Niunuo Biotechnology, Beijing, China) for 30 min and centrifuged for 10 min. The protein (50 μg) experienced electrophoresis, and transferred onto a polyvinylidene difluoride membrane and then sealed with 5% skimmed milk. Subsequently, the membrane was probed with diluted primary antibodies: *ABLIM1* (1:1000, ab222824), proliferating cell nuclear antigen (PCNA, 1:1000, ab18197), Bcl-2 (1:1000, ab32124), Bax (1:2000, ab32503), N-cadherin (1:1000, ab18203), matrix metalloprotease (MMP)-9 (1:1000, ab138898), glyceraldehyde phosphate dehydrogenase (*GAPDH*, 1:2000, ab9485) (Abcam) and then with goat anti-rat horseradish peroxidase-conjectured secondary antibody against IgG (HA1003, Yanhui Bio, Shanghai, China). Lastly, the membrane was colored by enhanced chemiluminescence reagent (ECL808-25, Biomiga, San Diego, CA, USA), and the relative expression of the protein was determined.

RT-qPCR {#S0002-S2014}
-------

Total RNA was acquired using the miRNeasy Mini Kit (217004, QIAGEN, Hilden, Germany). The primer was both designed and synthetized by Takara Company (Dalian, Liaoning, China) ([Table 2](#T0002){ref-type="table"}). Next, RNA was reversely transcribed into cDNA with the PrimeScript RT kit (RR036A, Takara, Kyoto, Japan). RT-qPCR was implemented based upon a SYBR^®^ Premix Ex Taq^TM^ II Kit (RR820A, Takara) according to the manufacturer's requirements using the ABI 7500 PCR instrument (ABI, Oyster Bay, N.Y., USA). *U6* and *GAPDH* were regarded as loading controls. On the basis of the threshold cycle (Ct), the expression of target genes relative to a loading control was calculated using the formula 2^−ΔCT^, where ΔCT = (Ct ~target\ gene~ -- Ct ~loading\ control~) and ∆∆CT = (∆Ct ~the\ model\ group~ - ∆Ct ~the\ normal\ group~). The formula 2^−∆∆CT^ was calculated to demonstrate the relative expression of each gene compared to the loading control.Table 2Primer SequenceGeneSequence (5ʹ--3ʹ)*ZNF667-AS1*F: GGGAGTGTCCGCCATAAAGTR: AGATCGTAGCAGGGTCCAGT*miR-1290*F: AGCGTGTGTCGTGGAGTCR: TCGTGAGATGAAGCACTGTAG*ABLIM1*F: ATTTAGCAGCCATCCCCA,R: CGATCCCGGACATCTTGA.*GAPDH*F: GGGAAACTGTGGCGTGATR: GAGTGGGTGTCGCTGTTGA*U6*F: ATTGGAACGATACAGAGAAGATTR: GGAACGCTTCACGAATTTG[^2]

Tumor Xenografts in Nude Mice {#S0002-S2015}
-----------------------------

BALB/c nude mice (3--4 w, 14 ± 2 g) were given free access to food and water during the experiments. The temperature was maintained at about 22-27°C and humidity between 45% and 50% throughout the study. The tumorigenic ability of the six groups was detected: oe-NC, oe-*ZNF667-AS1*, inhibitor NC, *miR-1290* inhibitor, oe-*ZNF667-AS1* + sh-NC and oe-*ZNF667-AS1* + sh-*ABLIM1*A (n = 3). A stably transfected cell line was constructed, and the cell concentration was altered to 1 × 10^7^ cells/mL. The cell suspension (20 μL) was injected subcutaneously in nude mice, and the tumor growth was observed. The tumor volume was recorded every 7 d to plot the growth curve: (a\*b^2^)/2 (a, longest diameter; b, shortest diameter). Mice were euthanized 35 days later with carbon dioxide asphyxia, and the tumors were weighed.

Statistical Analysis {#S0002-S2016}
--------------------

SPSS 21.0 software (IBM Corp., Armonk, NY, USA) was applied for data analysis. The results were presented in the form of mean ± standard deviation. The paired *t* test was employed for analysis of comparisons between tumor tissues and adjacent tissues, while the unpaired *t* test for other pairwise comparisons. One-way analysis of variance (ANOVA) was adopted for comparisons among multi-groups, and Tukey's post hoc test for pairwise comparisons after ANOVA. *p* \< 0.05 indicated significant difference.

Results {#S0003}
=======

*ZNF667-AS1* is Reduced in NPC Tissues and Cells {#S0003-S2001}
------------------------------------------------

Firstly, differential analysis was performed on the NPC-related GSE12452 microarray dataset, and 10 differently expressed lncRNAs were screened out, and a heatmap of those lncRNAs is displayed in [Figure 1A](#F0001){ref-type="fig"}. We have noticed that *ZNF667-AS1* was downregulated in NPC tissues, and some studies have shown that *ZNF667-AS1* is poorly expressed in cervical cancer[@CIT0017] and esophageal squamous cell carcinoma,[@CIT0018] but the significance in NPC is not clear. Therefore, we studied the potential impact of *ZNF667-AS1* on NPC.Figure 1*ZNF667-AS1* is poorly expressed in NPC clinical samples and cells. (**A**) The heatmap of NPC-related GSE12452 microarray dataset, the abscissa represents the sample number, the ordinate represents the differentially expressed lncRNAs, the histogram in the upper right is the color scale, and each rectangle in the figure corresponds to a sample expression value. (**B**) RT-qPCR used to detect the expression of *ZNF667-AS1* in tumor and adjacent tissues (n = 36). \**p* \< 0.05 vs adjacent tissues. (**C**) RT-qPCR used to detect the expression of *ZNF667-AS1* in NPC cells and nasopharyngeal epithelial cells. \**p* \< 0.05 vs NP69 cells. Data are expressed as mean ± standard deviation. Paired *t* test is used for comparison of two groups. One-way analysis of variance is used for comparison among multiple groups.**Abbreviations:** *ZNF667-AS1*, zinc finger protein 667-antisense RNA 1; NPC, nasopharyngeal carcinoma; lncRNA; long noncoding RNA; RT-qPCR, reverse transcription quantitative polymerase chain reaction.

Identical to the database prediction results, RT-qPCR results indicated that *ZNF667-AS1* was poorly expressed in NPC tissues (*p* \< 0.05; [Figure 1B](#F0001){ref-type="fig"}). In addition, *ZNF667-AS1* in NPC cells were also determined, which suggested that versus nasopharyngeal epithelial cell NP69, the *ZNF667-AS1* expression in c666-1, HNE1, CNE-1 and CNE-2 cells was reduced, and *ZNF667-AS1* was the lowest in CNE-1 cells (*p* \< 0.05; [Figure 1C](#F0001){ref-type="fig"}), which was selected for subsequent experiments.

Overexpression of *ZNF667-AS1* Inhibits Progression of NPC Cells {#S0003-S2002}
----------------------------------------------------------------

The next step was to determine the efficiency of *ZNF667-AS1* overexpression or knockdown transfection, and the results illustrated that *ZNF667-AS* expression increased in NPC cells with oe-*ZNF667-AS*, while reduced in cells upon sh-*ZNF667-AS1*-1, sh-*ZNF667-AS1*-2, and sh-*ZNF667-AS1*-3 treatment. Furthermore, *ZNF667-AS1* was the lowest in the sh-*ZNF667-AS1*-1 group, so it was chosen for subsequent experiments ([Figure 2A](#F0002){ref-type="fig"}).Figure 2Overexpression of *ZNF667-AS1* inhibits proliferation, migration and invasion of NPC cells. (**A**) RT-qPCR set to detect the expression of *ZNF667-AS1* after silenced or over-expressed *ZNF667-AS1* in CNE-1 cells. (**B**) EdU assay detected cell proliferation in each group (× 200). (**C**) Scratch test used to detect cell migration ability in each group (×100). (**D**) Transwell assay utilized to detect the number of cell invasion in each group (×100). (**E**) Flow cytometry adopted to detect the cell cycle entry of each group. (**F**) Flow cytometry used to detect the apoptosis rate of each group. \**p* \< 0.05 vs the sh-NC group. ^\#^*p* \< 0.05 vs the oe-NC group. Data are expressed as mean ± standard deviation. One-way analysis of variance is used for comparison among multiple groups.**Abbreviations:** *ZNF667-AS1*, zinc finger protein 667-antisense RNA 1; NPC, nasopharyngeal carcinoma; RT-qPCR, reverse transcription quantitative polymerase chain reaction; EdU, 5-ethynyl-2ʹ-deoxyuridine; shRNA, short hairpin RNA; oe, overexpression; NC, negative control; DAPI, 4ʹ,6-﻿diamidino-2-﻿phenylindole; FL2A, focusing lens2-A; PI, propidium iodide; FITC, fluorescein isothiocyanate; G0, G0 phase; G1, G1 phase; S, S phase; G2, G2 phase; M, M phase.

For verifying the role of *ZNF667-AS1* in biological functions of CNE-1 cells, we identified that overexpressed *ZNF667-AS1* diminished the proliferation rate, the migration distance at 48 h, and the number of invading cells, arrested cells at G0/G1 phase, as well as elevated apoptosis rate in CNE-1 cells. On the contrary, silencing of *ZNF667-AS1* presented an opposite tendency ([Figure 2B](#F0002){ref-type="fig"}--[F](#F0002){ref-type="fig"}). The above results show that overexpression of *ZNF667-AS1* inhibits the proliferation, migration and invasion abilities of NPC cells and affects the cell cycle to promote their apoptosis.

*ZNF667-AS1* Competitively Interacts with *miR-1290* {#S0003-S2003}
----------------------------------------------------

A differential analysis was performed on the NPC miRNA GSE70970 microarray dataset. Twelve miRNAs were found to be overexpressed in NPC. In addition, RNA22 was utilized to predict the miRNAs that might bind to *ZNF667-AS1*, and the miRNA prediction result was compared with the up-regulated miRNAs in the GSE70970 microarray dataset. Two miRNAs, namely hsa-miR-1290 and hsa-miR-1275, were identified in the intersection ([Figure 3A](#F0003){ref-type="fig"}). Evidence has reported the role of miR-1275 in NPC,[@CIT0019] while the function of *miR-1290* on NPC development was rarely investigated. Meanwhile, *miR-1290* in GSE70970 was highly expressed in NPC tissues ([Figure 3B](#F0003){ref-type="fig"}). RNA22 predicted that there was a putative binding site between *ZNF667-AS1* and *miR-1290* ([Figure 3C](#F0003){ref-type="fig"}). It is speculated that the *miR-1290* in NPC may be regulated by *ZNF667-AS1*. Consistently, *miR-1290* was detected to be highly expressed in NPC tissues from RT-qPCR results ([Figure 3D](#F0003){ref-type="fig"}). As shown in [Figure 3E](#F0003){ref-type="fig"}, we found that the *miR-1290* mimic abated the luciferase activity of the *ZNF667-AS1*-WT, while it had no impact on the luciferase activity of the *ZNF667-AS1*-MUT, indicating that *ZNF667-AS1* bound to *miR-1290*.Figure 3*ZNF667-AS1* competitively binds to *miR-1290*. (**A**) Comparison of miRNA results with the possible binding of *ZNF667-AS1* predicted by RNA22 and miRNAs up-regulated in GSE70970 microarray dataset, there are 2 miRNAs in the intersection. (**B**) The expression of *miR-1290* in GSE70970 microarray dataset. (**C**) RNA22 predicts the binding site between *ZNF667-AS1* and *miR-1290*. (**D**) RT-qPCR utilized to detect the expression of *miR-1290* in tumor and adjacent tissues (n = 36), \**p* \< 0.05 vs adjacent tissues. (**E**) Dual-luciferase reporter gene assay to verify the binding relationship between *ZNF667-AS1* and *miR-1290*. (**F**) FISH for the detection of subcellular localization of *ZNF667-AS1* in CNE-1 cells (×200). (**G**) RNA pull-down assay to verify the binding of *ZNF667-AS1* with *miR-1290*, \**p* \< 0.05 vs the Bio-NC group. (**H**) RIP assay for the detection of whether *ZNF667-AS1* interacted directly with AGO2 protein in CNE-1 cells, \**p* \< 0.05 vs the IgG group; ^\#^*p* \< 0.05 vs the MUT-*miR-1290* group. Data are expressed as mean ± standard deviation. Paired *t* test is used for comparison of two groups. One-way analysis of variance is used for comparison among multiple groups. Each experiment was run in triplicate.**Abbreviations:** *ZNF667-AS1*, zinc finger protein 667-antisense RNA 1; *miR-1290*, *microRNA-1290*; RT-qPCR, reverse transcription quantitative polymerase chain reaction; FISH, fluorescence in situ hybridization; NC, negative control; RIP, RNA immunoprecipitation; AGO2, ﻿argonaute 2; IgG, ﻿immunoglobulin G; WT, wild type; MUT, mutant; DAPI, 4ʹ,6-﻿diamidino-2-﻿phenylindole.

Subsequently, the experimental results of FISH technique are shown in [Figure 3F](#F0003){ref-type="fig"}: the blue part corresponded to the nucleus and the red part, *ZNF667-AS1*, indicating that *ZNF667-AS1* was largely presented in the cytoplasm. We, therefore, conjectured that *ZNF667-AS1* could modulate NPC progression by modulating *miR-1290*. As shown in RNA-pull down assay ([Figure 3G](#F0003){ref-type="fig"}), the *ZNF667-AS1* expression increased in the WT-miR-1290 group, suggesting that there was a direct binding relationship between *miR-1290* and *ZNF667-AS1*. Similarly, compared with MUT-*ZNF667-AS1* and Bio-NC groups, the enrichment of *miR-1290* detected in the WT-*ZNF667-AS1* group increased significantly, further indicating that *miR-1290* and *ZNF667-AS1* could bind directly. Furthermore, RIP assay indicated that in CNE-1 cells, AGO2 antibodies could precipitate *ZNF667-AS1*. Moreover, we found that the expression level of *ZNF667-AS1* precipitated by AGO2 protein in CNE-1 cells transfected with *miR-1290* inhibitor was significantly decreased, and improved in cells transfected with *miR-1290* mimic, implying that *ZNF667-AS1* could form a complex with AGO2 and be competitively bound to *miR-1290* ([Figure 3H](#F0003){ref-type="fig"}).

*miR-1290* Targets and Negatively Modulates *ABLIM1* Expression {#S0003-S2004}
---------------------------------------------------------------

The target genes of *miR-1290* were forecasted in RNA22, mirDIP, miRDB, DIANA, and Targetscan, and the predicted results were compared with genes with low expression of NPC in GSE12452 microarray dataset. There were three intersecting genes: OSBPL6, *ABLIM1*, CHL1 ([Figure 4A](#F0004){ref-type="fig"}). The role of OSBPL6 has been reported in Alzheimer's disease,[@CIT0020] but rarely examined in cancers. Besides, CHL1 deletion has been revealed in NPC with the involvement of the PI3K/AKT signaling.[@CIT0021] Meanwhile, *ABLIM1* was reported to be a tumor suppressor, but its effect on NPC was not clear. The expression of *ABLIM1* in NPC tissues in GSE12452 microarray dataset was downregulated ([Figure 4B](#F0004){ref-type="fig"}). The binding site between miR-190 and *ABLIM1* was predicted using RNA22 ([Figure 4C](#F0004){ref-type="fig"}). In summary, we speculate that *ZNF667-AS1* may regulate *ABLIM1* through *miR-1290* in NPC.Figure 4*ABLIM1* is a direct target of *miR-1290*. (**A**) The target genes of *miR-1290* were predicted in RNA22, mirDIP ([<http://ophid.utoronto.ca/mirDIP/>]{.ul}), miRDB ([<http://www.mirdb.org/>]{.ul}), DIANA ([<http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=microT_CDS/index>]{.ul}), and TargetScan ([<http://www.targetscan.org/vert71/>]{.ul}), and the predicted results of target genes were compared with genes with low expression of NPC in GSE12452 microarray dataset. There were three intersecting genes: OSBPL6, *ABLIM1*, CHL1. (**B**) The expression of *ABLIM1* in the GSE12452 microarray dataset. (**C**) RNA22 predicts the binding site between *miR-1290* and *ABLIM1*. (**D**) RT-qPCR for the detection of *ABLIM1* mRNA expression in NPC and adjacent tissues (n = 36). (**E**) Western blot analysis for the detection of ABLIM1 protein expression in NPC and adjacent tissues (n = 36), \* *p* \< 0.05 vs adjacent tissues. (**F**) Dual-luciferase reporter gene assay to verify the binding relationship between *miR-1290* and *ABLIM1*. (**G**) After overexpression or silencing of *ZNF667-AS1* and *miR-1290* in CNE-1 cells, RT-qPCR was used for the detection of *ZNF667-AS1*, *miR-1290* and *ABLIM1* expression. (**H**) After overexpression or silencing of ZNF667-AS1 and miR-1290 in CNE-1 cells, Western blot analysis was used for the detection of ABLIM1 expression. (**I**) Immunohistochemical staining for the detection of *ABLIM1* protein expression in NPC and adjacent tissues (n = 36). (**J**) Pearson's correlation test for the interactions between *ABLIM1*, *ZNF667-AS1* and *miR-1290*. \**p* \< 0.05 vs the oe-NC group. ^\#^*p* \< 0.05 vs sh-NC group. ^&^*p* \< 0.05 vs the mimic NC group. ^@^*p* \< 0.05 vs the inhibitor NC group. Data are expressed as mean ± standard deviation. Paired *t* test is used for comparison of two groups. One-way analysis of variance is used for comparison among multiple groups. Each experiment was run in triplicate.**Abbreviations:** *ABLIM1*, actin﻿-binding LIM protein 1; *miR-1290*, *microRNA-1290*; RT-qPCR, reverse transcription quantitative polymerase chain reaction; NPC, nasopharyngeal carcinoma; *ZNF667-AS1*, zinc finger protein 667-antisense RNA 1; NC, negative control; oe, overexpression; shRNA, short hairpin RNA; WT, wild type; MUT, mutant; *GAPDH*, glyceraldehyde phosphate dehydrogenase.

The statistical results of RT-qPCR and Western blot analysis revealed decreased expression of ABLIM1 in NPC tissues ([Figure 4D](#F0004){ref-type="fig"} and [E](#F0004){ref-type="fig"}). As shown in [Figure 4F](#F0004){ref-type="fig"}, we found that the *miR-1290* mimic suppressed the luciferase activity of the *ABLIM1*-WT, but had no change in the *ABLIM1*-MUT, revealing that *miR-1290* targeted *ABLIM1*.

Additionally, expression of *ZNF667-AS1*, \<italic\>miR-1290\</italic\>, and *ABLIM1* was detected after *ZNF667-AS1* and *miR-1290* were overexpressed or silenced, respectively. The findings suggested that overexpressed *ZNF667-AS1* enhanced *ZNF667-AS1* and *ABLIM1*, while reduced *miR-1290* expression; silencing of *ZNF667-AS1* reduced the expression of *ZNF667-AS1* and *ABLIM1*, while elevated *miR-1290* expression. Overexpression of miR-1290 reduced ABLIM1 expression, while had no significant change in ZNF667-AS1 expression; silencing of miR-1290 decreased ABLIM1 expression, but had no significant change in ZNF667-AS1 expression ([Figure 4G](#F0004){ref-type="fig"} and [H](#F0004){ref-type="fig"}). In addition, we tested its expression in clinical samples by immunohistochemistry. The expression level of *ABLIM1* in tumor tissues was significantly higher than that in adjacent tissues ([Figure 4I](#F0004){ref-type="fig"}). Therefore, to further determine the role of the *ZNF667-AS1/miR-1290/ABLIM1* axis in NPC, we analyzed the correlation between *miR-1290* and *ABLIM1* or *ZNF667-AS1* in 36 NPC patients by Pearson's correlation test. The results showed that the expression level of *ABLIM1* and *ZNF667-AS1* was negatively correlated with *miR-1290*, and *ABLIM1* was positively correlated with *ZNF667-AS1* ([Figure 4J](#F0004){ref-type="fig"}).

Based on the above results, *ZNF667-AS1* functions as a molecular sponge of *miR-1290*, thus upregulating the expression of *ABLIM1*.

*miR-1290* Promotes Progression of NPC Cells by Suppressing *ABLIM1* {#S0003-S2005}
--------------------------------------------------------------------

For confirming the roles of *miR-1290* and ABLIM in biological functions of CNE-1 cells, the findings indicated that overexpressed *miR-1290* increased the proliferation rate, the migration distance at 48 h, and the number of invading cells, arrested cells at S phase, as well as decreased apoptosis rate in CNE-1 cells. On the contrary, suppression of *miR-1290* presented an opposite tendency. Moreover, the silencing of ABLIM reversed the suppression of the progression of NPC cells induced by suppression of miR-1290 ([Figure 5A](#F0005){ref-type="fig"}--[E](#F0005){ref-type="fig"}).Figure 5*miR-1290* promotes progression of NPC cells by suppressing *ABLIM1*. (**A**) EdU assay detected cell proliferation in each group (× 200). (**B**) Scratch test used to detect cell migration ability in each group (× 100). (**C**) Transwell assay utilized to detect the number of cell invasion in each group (× 100). (**D**) Flow cytometry adopted to detect the cell cycle entry of each group. (**E**) Flow cytometry used to detect the apoptosis rate of each group. (**F**) Western blot analysis was conducted to detect the expression of ABLIM1, proliferation-related factor PCNA, migration-related factors N-cadherin and MMP-9, and apoptosis-related factors Bcl-2 and Bax protein in each group of cells. \**p* \< 0.05 vs the mimic NC group. ^\#^*p* \< 0.05 vs the inhibitor NC group. ^@^*p* \< 0.05 vs the miR-1290 inhibitor + sh-NC group. Data are expressed as mean ± standard deviation. One-way analysis of variance is used for comparison among multiple groups. Each experiment was run in triplicate.**Abbreviations:** *ABLIM1*, actin﻿-binding LIM protein 1; *miR-1290*, *microRNA-1290*; NC, negative control; DAPI, 4ʹ,6-﻿diamidino-2-﻿phenylindole; EdU, 5-ethynyl-2ʹ-deoxyuridine; shRNA, short hairpin RNA; FL2A, focusing lens2-A; PI, propidium iodide; FITC, fluorescein isothiocyanate; G0, G0 phase; G1, G1 phase; S, S phase; G2, G2 phase; M, M phase; *GAPDH*, glyceraldehyde phosphate dehydrogenase; PCNA, proliferating cell nuclear antigen; MMP, matrix metalloproteinase; Bcl2, B-cell CLL/lymphoma 2; Bax, Bcl-associated X; NPC, nasopharyngeal carcinoma; shRNA, short hairpin RNA.

Besides, the expressions of *ABLIM1*, proliferation-related factor PCNA, migration-related factors N-cadherin and MMP-9, and apoptosis-related proteins Bcl-2 and Bax in each group of cells were detected. The results mirrored that overexpressed *miR-1290* decreased *ABLIM1* and Bax expression, while enhanced expression of PCNA, N-cadherin, MMP-9 and Bcl-2. On the contrary, suppression of *miR-1290* presented an opposite trend. Moreover, silencing of ABLIM reversed the promotion of ABLIM1 and Bax expression and suppression of PCNA, N-cadherin, MMP-9 and Bcl-2 induced by suppression of miR-1290 ([Figure 5F](#F0005){ref-type="fig"}).

Overexpression of *ZNF667-AS1* or Suppression of *miR-1290* Inhibits Tumor Growth of NPC Cells in vivo {#S0003-S2006}
------------------------------------------------------------------------------------------------------

With the aim to recognize the functions of *ZNF667-AS1* and *miR-1290* on the tumor growth of NPC cells, we injected the stably transfected cells in nude mice and analyzed the tumor size and weight ([Figure 6A](#F0006){ref-type="fig"}--[C](#F0006){ref-type="fig"}). The obtained results revealed that overexpressed *ZNF667-AS1* or suppressed *miR-1290* decreased the tumor volume and weight. In addition, silencing *ABLIM1* reversed the suppressive effect of *ZNF667-AS1* overexpression on tumorigenicity of NPC cells in vivo.Figure 6Overexpression of *ZNF667-AS1* or suppression of *miR-1290* inhibits tumorigenicity of NPC cells in vivo. (**A**) Morphological figures of tumors in each group. (**B**) Statistical analysis of tumor volume after tumorigenesis in nude mice. (**C**) Statistical analysis of tumor weight after tumorigenesis in nude mice. \**p* \< 0.05 vs the oe-NC group. ^\#^*p* \< 0.05 vs the inhibitor NC group. ^@^*p* \< 0.05 vs the oe-*ZNF667-AS1* + sh-NC group. Data are expressed as mean ± standard deviation. One-way analysis of variance is used for comparison among multiple groups.**Abbreviations:** *ABLIM1*, actin﻿-binding LIM protein 1; *miR-1290*, *microRNA-1290*; NC, negative control; NPC, nasopharyngeal carcinoma; oe, overexpression; shRNA, short hairpin RNA; *ZNF667-AS1*, zinc finger protein 667-antisense RNA 1.

Discussion {#S0004}
==========

Despite local control has made remarkable progresses, the outcomes of NPC remain dismal due to distant failure together with late toxicity in satisfactory local control, particularly for these cancers with intracranial invasion.[@CIT0022] Meanwhile, it has been reported that lncRNAs may engage in the NPC mechanisms, which may also act as prognostic factors for NPC and potential targets for NPC treatment.[@CIT0023] As reported, *miR-1290* acts as an emerging onco-miRNA which is of great importance in tumor development.[@CIT0024] In view of this, we launched this experiment to unmask the impacts of *ZNF667-AS1/miR-1290/ABLIM1* on the inner mechanisms of NPC.

In our study, one of the findings mirrored that *ZNF667-AS1* was reduced in NPC, and overexpressed *ZNF667-AS1* resulted in suppressed progression of NPC cells and inhibited tumorigenicity of NPC cells in vivo. In line with our results, overexpressed *ZNF667-AS1* and *ZNF667* have been found to impede the viability, migration as well as invasion of ESCC cells in vitro.[@CIT0011] Additionally, *ZNF667-AS1* has been detected to be lower in cervical cancer (CC) tissues, whose expression was inversely related to the overall survival, the proliferation and cell colony formation abilities of CC cells.[@CIT0025] Similarly, upregulation of *ZNF667-AS1* found to suppress cell invasion and cell cycle entry in vitro and to weaken tumor metastasis in vivo.[@CIT0017] Another study has also indicated that *ZNF667-AS1* is poorly expressed after spinal cord injury (SCI), which restricts the inﬂammatory response and induces SCI recovery.[@CIT0026]

Meanwhile, our study suggested that overexpressed *ZNF667-AS1* promotes *ABLIM1* by interacting with *miR-1290*. A new model involving lncRNAs has been proposed in gene modulation, which called competing endogenous RNA.[@CIT0027] Based on which, lncRNAs are able to bind with miRNAs and control the expression of protein-coding gene, thereby participating in the cell behaviors. These interactions among lncRNAs, miRNAs and mRNAs produce complicated regulatory networks.[@CIT0028] In this current study, we determined that *ZNF667-AS1* could bind to *miR-1290* and directly regulate *ABLIM1* expression in NPC development. Due to the inadequate evidence on this aspect, further research is needed to affirm our results.

This study also confirmed that *miR-1290* targeted *ABLIM1*, and *miR-1290* promoted the progression of NPC cells by suppressing *ABLIM1*. Meanwhile, suppression of *miR-1290* inhibited tumorigenicity of NPC cells in vivo. A research has elucidated that the serum *miR-1290* levels increased in ESCC patients, implying that serum *miR-1290* could be applied as an effective diagnostic and prognostic biomarker of ESCC.[@CIT0029] As previously described, *miR-1290* exhibited oncogenic functions, such as the enhancement of ESCC cell malignant behaviors, highlighting the significant role of *miR-1290* in carcinoma progression.[@CIT0013] *miR-1290* has also been demonstrated to induce occurrence of ESCC cells through suppressing NFIX expression, indicating that *miR-1290* and NFIX might modulate biological function and affect tumor progression.[@CIT0030],[@CIT0031] Another article has manifested the pathogenic potential of *miR-1290* in lung squamous cell carcinoma via the suppression of its putative target genes MAF and ITPR2.[@CIT0032] *ABLIM1* has been revealed to be a potential bridging molecule between the signaling pathways and actin-based cytoskeleton.[@CIT0015] *ABLIM1* expression levels have been detected to be gradually elevated with time in RANKL-induced osteoclasts in comparison to the non-induced controls.[@CIT0033] Besides, the knockdown of *ABLIM1* has been demonstrated to promote the invasion of the metastatic human WM115 cells, whereas reciprocally, overexpression of ABLIM1 impeded the invasion of the human SKMel28 and MUM2C cells.[@CIT0034] Furthermore, knockdown of *ABLIM1* has also been found to strengthen the forming ability of multinucleated osteoclasts, which could markedly enhance the osteoclast-marker gene expression.[@CIT0035] Collectively, these findings suggest that more studies are warranted to affirm the prognostic value of *miR-1290* and *ABLIM1* in NPC.

In summary, this present study indicates that overexpressed *ZNF667-AS1* may promote *ABLIM1* expression by binding to *miR-1290*, thus restricting the progression of NPC cells ([Figure 7](#F0007){ref-type="fig"}). This research delineates a new regulatory network of *ZNF667-AS1/miR-1290/ABLIM1* axis in regulating the biological process and further affecting tumor growth of NPC.Figure 7The mechanistic diagram suggests that overexpressed *ZNF667-AS1* promotes the expression of *ABLIM1* by sponging *miR-1290*, thereby inhibiting the progression of NPC cells.**Abbreviations:** *ZNF667-AS1*, zinc finger protein 667-antisense RNA 1; *ABLIM1*, actin﻿-binding LIM protein 1; *miR-1290*, *microRNA-1290*; PCNA, proliferating cell nuclear antigen; MMP, matrix metalloproteinase; Bcl2, B-cell CLL/lymphoma 2; NPC, nasopharyngeal carcinoma.
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[^1]: **Abbreviations:** *ZNF667-AS1*, zinc finger protein 667-antisense RNA 1; *miR-1290*, *microRNA-1290*; *ABLIM1*, actin-binding LIM protein 1; sh (shRNA), short hairpin RNA; oe, overexpression.

[^2]: **Abbreviations:** F, forward; R, reverse; *miR-1290*, *microRNA-1290*; *ABLIM1*, actin-binding LIM protein 1; *GAPDH*, glyceraldehyde phosphate dehydrogenase.
